UNCLASSIFIED

AD NUMBER

AD039440

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Qperational Use; APR 1954. O her
requests shall be referred to Air Force

Hol | oman Air Devel opnent Center, Holl oman AFB,
NM

AUTHORITY

DAF Menor andum dtd 24 Mar 1997

THISPAGE ISUNCLASSIFIED




S .‘—-“:- I : ' I nrmn' grfn ey

12% . p Ea A5l

rmed dervices echnical information Hgency
Because of our limited supply, you are requeated to return this copy WHEN IT HAS SERVED

YOUR PURPOSE so that it may be made available tc other requestsrs. Your cooperation P
will be appreciated. /

R E— e SR, g
Il r i

p/ g

] -
£l :
5 .

]

o ’

¥ .

,[ ¥

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED FOR A«Y PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OI‘HER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR.PERMISSION TO MANUFACTURE
USE OR SELL ANY PATENTED INVENTION THAT 'MAY IN ANY WAY BE RELATED THERETO.

’

Reproduced by

DOCUMENT SERVICE CENTER
KNOTTBUILDING, DAYTON 2 0HID_ __




N
N =
NE
RN
) 2
==
T =L
wd
J
§

TN

HADC

HADC TN-54- 4

DEVELOPMENT OF SHROUD INFLATION TECHNIQUES
FOR PLASTIC BALLOONS

by

BERNARD D. CILDENBERG

HOLLOMAN AIR FORGCE BASE

NEW MEXICO  APRIL 1954

11



N

e e

T PP S —

HOLLOMAN AIR DEVELOPMENT CENTER

DEVELOPMENT OF SHROUD INFLATION TECHNIQUES
FOR PLASTIC BALLOONS

PREPARED BY: REVIEWED BY:
A >
’ A 7 . /{ | (_?a'“--—
%»\_,{_0. 2l { ( P
RD D,“GILD. ;
Chief, Technical Staff Chisf, cal Operations
Balloon Unit 6580th Test Squadmon (8p)

6580th Test Squadron (Sp)

APPROVED BY:

Lt ol,
Commander, 6580th Test Squadron (%)

REPORT MO. HADC-TN-Sk-k

CCFY NO. 11

HOLLOMAN AIR FURCE BASE, NEW MEXICO

|

', APRIL 1954
| .

!



AB3TRACT

The problem of handiitg vertical inflations of polyethylene
lloors, grossing 1,500,0r more pounds, was thoroughly inveati-
gated at Holloman Air Development Center in May 1953, The status
he probiem prior to the investigation is discussed, 4 snroud
cap was developed as the primary solution to the problem. Becom-

irg an operational feature by September 1953, the cap has increased

inflation capabilities from 2 to at least 7

r t 7 kmote of surface winds,
The resulting increase in the number of possible launching days is

highly irdicative. The basic shroud cap techmique has been solidi-

fied and moditications are being pursued to increase its versatility.

PUBLICATION REVIEW
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DEVELOPMENT OF SHROUD INFLATION TECHNIQUES
FOR PLASTIC BALLOONS

pmwé

in nav 1953 neraonnel of the Balloon Unit assexzblcd for o soriss of
discussions with the objective of selecting meithods o improve the vertical
inflation methods for lerge plastic balloons, This action appeared necessary
because .of the advent of new projects with payloads in the balf-ton order
of magnitude.and the incressed demands of contractors for the use of the
3/4 million cubic foot balloon. At that time the vertical inflation tech-
niques clployod were limifed to surface winds of 2 knots or less. The
number of jpossible launching days, consequently, wag greatly restricted.
In addit)on, the: gccurrence of a single gust of large magnitude du.ing &
relatively calm inflation pariod could be disastrous.

N,' AB a result of these discuasions, the ahroud inflation techniqua wap
developed at Holloman Air Devel opment Cther, becoming cperational -on
16 September 1953.

II. FACTUAL DATA
A. Introductions

1. The speolfic authority for the development of this bnruud
syatem technique is found under Stage 1 of the Test Directive No. 5132-Hl.
It requests the "develcpment of dependabie and safe launching and lifting
techniques for plastic balloons which are capable of carrying loads of
1,000 poynds to altitudes between 50,000 and 100,000 feet, MSL.

Tae continued success of this system in the operational torm,
however, has diready resulted in its adaption at Holloman Air Development

Center for all hesvy load balloon programs, including cells up to 116 feet
in diameter (See Figure 1).

2. Btatus of the Problam Prior to the Present Investigation:

The earliest vertical inflation techniques for plastic balloons,
originating in the Fall of 1946, involved no special aquipment The balloons
were from 7 to 20 feet in diamster and usually inflated in hangars. They
wern ﬂinﬂ’v layad out on a ground cloth and walled up to a vertical position
as lifting gas was applied. After the inflation was completed and the
payloaé attached, the cell was walked out of the down~wind side. The actual
release was negotiated at some distance away from the hangar where the top
of the balloon was first affected by wind eddies. In a relatively light
wind this might Ye some 30 or 50 feet despite allowing for a good safety
margin in the case of eddies sweeping back toward the hangar.

This "prlmit;ve" technique became less and lsss frequent as
larger balloons and payloads limited the system to ihe few largest hangars

-
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in the country. Notwithstanding monetary and geographicel complications,
however, this earliest of vertical jaflation systems may represent the
ultimate.

As the number of plastic balloon launching sites increased, this
basic vertical inflation system was of necessity applied complately dutdoors,

Large buildings and the first formal wind screens were employed us ahelter
from surféce winds.

“ The first appendages for vertical 1nt’1ationa wers developed by
the General Hills! Balloon group in 1950. The most important of théss vas
the reefing sleeve. Constructed of polyethylene, it extended from thé base
of the gas bubbls down to the balloon appendix, - The confi guraiion was a’
cylinder which was used to restrict ths gaes within the cell to a tight
bubble, thue minimizing the salling of the balloon becsuse of the wind, As
more gas was fed into the balloon, the sleeve was pulled gradually downward

to prevent too much pressure at ihe¢ base of tha bubble. The reefing slesve

avolved from the launch platform technique, the lounch srms representing the

top of the sleeve. In s " leunch platform mnation, before ths bubble bacomes
vertical, the ground cloth is often used as s npseudo-reefing sleeve,

The second most important vertical inflation modification
applied by QOeneral Mills, was the use of hold-down lines, Ths latter were

tied into tapes near the maximum ballcon diameter. The function of these
lines was ¢ prevent the twisiimg of the balloon, which occurred in surface
winds when the balloon was in the vertical position. The twisting effect
menaced. thes inflation by causing the inflation tube ic twist and restricted

the passage of the gas. The twisting problem is the largest initial baru.vr
for any vertical inflation system.

The Holloman &ir Development Center Balloon Unit did not en-
counter the vertical inflation problem until it was assigned some flights for
Project Gopher. On 24 September 1952, a vertical inflation attempt was made
with a 8§96-pound load. The only appendage was a simple polyethylene reefing
sleeve, The inflation was successful, although it ¢ould be seen that nothing
much more than a perfect calm could be tolerated during the process.

On the second flight, 2 October, three innovations were devised:

(1) The balloon was inflated while tied into a C=2 wrecker
boom, This made it easier to work around the balloon
during inflation, allowed the payload to be worked on
during inflation, preventad damage to the payload in the
event of a hcld-down line failurs and aliowed the balloon

- to by moved during inflation, if nscessary.

(2) A canvas reefing cloth, which could be used over and over
again, was employed. It could be unbuckied as it was
réefed ofi the bpaiicon down %0 the ground.

~~
Y
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A special heavy test swivel was tied in between the boom
and the balloon load ring in an attempt to compensate for
the twisting.effecs’

2
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The first innovation has been used successfully ovér since, The
idea of a permanent reefer has been reizinsd, although the. form has been
modif.ed. The swivel appears to be ineffecuve.

With these two successful modificatic cus, & total of seven verti-

cal. inflations were performed for Project Gophsr with loads varying from
500 to 900 prunds. 7 , ki » [

Foux' months after the last of these nights {May 19537, the
first balloons for TD Ho. S10¢-il errived. ihe boom and the canvas reefer

combination was at this time known to be reliable in a wind of not more than
2 knets.

' The significant 1ncreasc in frequency of vertical inflations
dictatéd by this new program would not tolorate a 2 knot lawching wind
limitation. With this fact in mind, the Balicon Unit at Holloman Air Devel-

em':t C&'\.‘--- 3—1 —n&-d 0‘\. cn‘ nken" ms:iva sclutiv.. (th. k."’nnn —AA‘ St ad
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hold-down aystem employed by General Mills) for field tests. The 72.8~foot
diameter balloons, already modified with L D" rings at the equator, were on
hand and tests were made that month, Hold-down linres were tied to the ®D"
rings .n an effort to control twisting. The results indicated thes system was
capabls cf mr-easing the inflatior capabilities to L4 knots. The advantage
did not seem significant, especially when considering the possible damage

inflicted to the balloon by stresses applied at the cell's equator by ths
hold-down lines,

At the conclusion of these tests, discussions were held which
led to the design of the shroud cap.

3. Previous Shroud Techniques:

The shroud inflation system is not new for pballoons other than
the present giant polyethylene cells. The majority of the manned and unnamned
non-éxtensible balloons prior to the Twantieth Century employed shroud nets,
In fact, the first positively identified balloon flight (unmanned), deviaed
by a Jesuit Father;, displayed a shroud net. This event occurred in Lisbon,
Porvagal; in 1709, 245 years ago. Most of these. shroud nets were used both
as a hold-down method during inflation and &s a harness to connect the paylcad
to the balloon. Some had supplementary lines attached to the shroud net at

“the equator; specifically for hold-down use during inflation.

The U. S. Army balloons of 30 years ago employed shroud nets,
princip‘ally of cotton. They weighed appraximately 2-1/2 pounds per 1,000
cubic feet of gas capacity. The shroud was iniiially used to secure the
bailoon during the inflation. The diamond laced net teminated in indi-
vidual strands on the ground which were tied into sandbags. At the campletion
of the inflation the lines and sandbags were drawn in and tiet to the payload.

In addition; the Amy employed shroud nets for inflating balloons
which were flown without nets. "In netless balloons it is necessary to use
a net for the inflation until the balloon is sufficiently full to allow the
sandbage to be attached to the suspenazion rope.:, To allow the net to be




taken off when inflated, it is usually cut on one side and laced. The lacing
eiployed is similar to a chain stitch, which can be pulled out from below,
and the net 1s free Lo slide off the balloon."l It will be seen later that
this shroud release system is similar to the device used at Holloman Adr
Developnert Center, slthough this chapter had not been previously noted.

‘ In the Summer of 1947, New York University flew several spherical
(as opposed io teardrop) polyethylene. balloons at Holloman Air Force Bama.
Every other balloon seam fnm total) was modified with an eyelet for at-
taching & Yxidle rigging to the balldon at 30° below its equator. This
bridie or semi-shroud.could bu nnployod as a hold-down line system prior 1o
tying in the payload.

In .|.9ul and 1549, New York University flaw at Holloman Air Force
Bass, an exteasible J-2000 neoprcno balloon within a shroud. The shroud,
made of aylun, is the closest in configuration to the new development. It
was uszé both for inflation and to limit ths expansion of the neoprene
balloon during Might. The author was invoived 4n the Y2unching of one of
these flights in 1948, but recalls that the J-2000 {(grans) was 8o =mall that
the advintages of the shroud for inflation purposes were not apperent.

Today, smell canves shrouds are occasjonally used for inflating
radiosonde neoprene balloons during heavy surface winds.
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Summing up, therefore, it =may

The basic idea of a shroud is as cld as ballocns themselves.
Some of the first (net) shrouds were used specifically as
a solution to our preasent vertical infistion problem,

Fabric shrouds had recently been introduced but not for
non-extensible balloons.

Consequently, <1tke many other “new® techniques, we have
finally devised something which is 'an innovation as a
whole but the parts of which hsve had innuniersble prede-
cessors,

B. Design of the Shrouds

1. Shroud Cap No. 1 was designed in June 1953. Originally, it was
intendad to enclose the bubble of a completed l,500-pound gross inflatiun
within a hemispherical shroud {cap) surmounting a truncated right circular
inverted cone, terminating at the top of the cylindrical reefing sleeve.

The total configuration was designed but only the hemispherical cap was

comnstratted decanset

’

First, a satisfactory relescs aystis
The cap could conceivably be pulled off withaout
not the cone.

m had nct yst been devised.
a formal reiease system but

hE
"Free and Captive Balloous", Upson and Chandler, Ronald Press Co., N.Y. 1934

L
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Secondly, it was desired that the effect of the fabric on the
balloon materisl be. inveatigated before the ssme fabric was used for ivne comne.

‘ Third, .pnaliminary tesis on miniatwre shroud caps Zndlcated that
perhaps the hemisphere alone would be sufficient for proper control of the
balloon. :

2. Deoigr:\ Sﬁeciﬁcutionst

a. The fabric selected was plain weave, mercerized cotton air-
plane cloth, Stock No. 1500-170000-hll. The teunsile s trengih was 100 pounds
per linear inch on the Dilicu Upiversal Tester. The cost was $.6L per squere
yard. Three samples, each ofie ‘square yard, of this material were washed and
dfied. Average shirinkage was L3 in warp and 2% in filling. Density was
L.00 ounce per square yard. ‘Adequate suppliss of airplane cloth in bolis a

yerd wide were on hand. (This determined the maximum width of the hemispher-
jcal gores.)

b, ' Volume peterm‘[mt’ioni;
Groas inflation in pounds 1ift - 1500 pounds
Liﬁ of helius - Grade A or .08957 pounds per cubic feet

[
"nvl‘-nn ‘mn—a‘nm f‘n‘\-‘ A‘: m'ﬁfln- o mawdm

369 ¢ or 311° Absoliite. N =

Minimm pressure (which provides & maximum volusis) -

25.390 inches of mercury. {(As éxtracted fiom Holloman Air
Force Lase climatological dats)

The desired maximum volume is equal to - gdﬁb’ inflation
G e nimum 11.7%
The minimum 1ift is equal to -

06953 lbs/ﬁ352.73° Ae 26.39 ind H

which iz oqual Vo - 05143 ib/cubic foos.

The desired volume is equal to 1;00 pounde gou inflatioa
T38I8Y 1b/cubic fook

cr 28,941 cubdc feet

O e e e
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The volume of the hemiaphere plus tmghcated cone system is

hemisphere plus truncated ccoa
/3w 713 4 B4 R r?).

N

’\3!

Volume System= 7773 (2R°+4R % hre)

-;-h RI‘T 7y
= 28,941 cubic feet

i
0 /
/

A

{

In order to determine R, the radius of the cap:z

r; the radine of the reefer was selected as S feet.
The average diameter of the reefers have only been
about two feet, but if was originally intended tc
have a tapered resefer with the shroud.

h was seiecied as equai to I, ths sghupe bein
approximately a nstural ors.

s

p R,

Vi)

N

(4]

With r equal to five feet and h equal to R, the equatlionr
shown above i5 eacily solved.

= 28,941 cuble fest = /3 (2R34+ R345R%4 25R)
R = 20.2 ft.

To allow for shrinkage this figure was adjusted to 20.6 feet.
Becauge the bolts of airplane cloth availabtle were only three
feet in width, it was decided to make the shroud cap out of
LS gores, each maximum width being Mi-1/2 imches. This left
3/L inch on sach side for siywing purposes. Because of sewing
limitations; it was decided to have a flat top rather than a
peak. The minimum gore width, consequently, was designed as
L.9 inches. The resulting less in volume is only 2.7 cubic
feet,

Eight 2,900 pound test CD webbing hold-down lines, each
200 feet in length, were attached to the shroud perimeter.

3. Design of Shroud Cap No. 23

In December 1953, a new shroud cap, to be constructed of plain
weave nyion duck cloth, was designed, Cost of the material was $1.L2 per
The Stock No. is 7100=-425500-134. In accordance with ASTM grab test
method, iim 1/6Lth-inch thick, OD nylon fabric, averaged 474 pounds in warp

6




and L7 pounds test in filling. The density of the material is 7.25 Oz/square
yard. Other specific changes from shre'..d cap No. i weres

Gross' inflation -~ 2,000 pounds

Helium 1ift used - . 0692 nounde/cubic foot, for Grade D
helium

B
The volumetric systeu was solved with r, the radius of the -
top reefar. eqnn‘l to 2 feet.,

" The radius for.this cap was computed to be 22,9 Zact. The
construction of the cap was completed in Pabruary 1051;, with L8 gores, each
3 feet in maximum width, 2

Bach individual gore was 36 feet in length and 68.7 square feet
in area. The total areéa of the hemispherical cap is 3,295 square feet,

To date, two airplane cloth shrouds and one nylon gshroud have
heen constructed by the Speciai Parachuté Unit of Holloman Air Development
Center. (A duplicate bf the first canvas shroud was conctructed for Air Force
Cambridge research.Center. They have already empivysd it on some Ysat flights.)
Xach type required a total of 550 yards of material and an estimated utilization
¢f 300 men-hours. The cost of material alone was $800 for the nylon shrowd,,
and 50 for tha airnlane cloth shroud. ' ‘

.

4. Modifications and development of supplementary devices:

Initinlly the hold-down lines were sewed directly into the edges
of the cap. After the first few tests they were made detzchable,

In October 1953, €our of the hold-down lines were modified so
that each forked into three branches before hooking into the cap perimeter
(See Figure 2), Commencing with Test No, 10, (See Page 1), 27 Gctiober 1953,
only these four lines were employed. The technique has been successful,
thus 1imiting the manpower required on such a flight and considerably
#implifying the entire process. In addition, each hold-down wman is supplied
the line in a canvas bag, which he wears over his ghoulder during the reeling
out period (See Figure 3).

The first unlecing type rsefer employed wiih Uhe shroud was
constructed of a.rplame cloth. It was found to be subjiect to tears and rips
and was finally replaced with a nylon reefer. Considerable trouble was
afforded by upper portions of the reefer during inflation which had already
been uniaced. This was handily solved by tying the top of the reefer to &
line which was connected to the shround perimetar (See Figure h)..

Even in a perfect calm the inflation tube is often restricted
dangerously by the harpess iines at the base of the balloon. A simple
aluminum tube lined with polyethylene was constructed to fit between the
harnegs and the balloon during inflati.on.




C. Description of the tests:

Test No. 1 = 16 June 1953 - Dummy canvas shroud, 10 feet square,
weighing 8 pounds with 4 hold-down lines. General Mills: 20-fnot diameter,
"Rocket" ballcon (eell with a conjcal apex fcr rapid ascent). Surface winds -
3 knots with gusts to 6 knots. :

) Purpose of test - Tc determine effectiveness of the shroud for
controlling twisting and buffeting during vertical infletion.

Results - The cell was inflated to the vertical position with the
shroud in position and a 10-imzh red polyethylene inflation tube employed
as the reafer {See Figure 5). The balloon was succesafully wmaintained in
the vertical position without twisting the inflation tube for 15 minutes.
At the end of this period a 6 knot gust picked up one side of the canvas and
literally pushed the balloon out from under the cap. Without the shroud cap,
the balloon commenced %o twist.and was displaced as much as 4O degrees from
the vertical.

Test No. 2 - 31 July 1953 - Dummy shroud, 20 feet square, hold-dowan
line at each corner. OJenerai Mills' 20-foot diameter, "Rocket" balloon.
Surface winds ~ 7 tnoots with gusts to 12 knots,

Purpose of test - To test a shroud wrlch covered iLns hemisphere of
the balloon bubble (as opposed to the top 30° in the first shroud) in fresh

e IR R e T
UTI1&C8 Winds,

Results - On four successive trials, the shroud slipped off the
balloon before the latisr cculd be walked to ths vertical positlon, Ths
failure appeared Lo bs just ae much due to the configurations of thc shroud
and balloon as to the gusty wind. The "Rocket® balloon had a conicul top

rather than the usual spherical shape. The dunmy shroud did mot possess the
three dimensional design required fur a soug L£id.

Test No. 3 = 11 September 1953 - Shroud Cap No. 1 with 8 hold-down
lines, Winzen 72.8=foot diameter balloon. Sw'face winds - 0-2 knots,

Purpose of test -~ Tc make a general evaluation of this firet full
size ghroud cap.

Results - The test was extremely successful and most of the handling
procedures still employed with the shroud evolved from this test. Although
various formal cap releases were in preparation, ia the test, the cap was
simply pulled off (See Figure 6). No observable damage wus inflicted on the
top of the bailoon but the frictional effect of the sliding canvas, in addition
+0 the dragging hold-down lines, appeared unfavorable.

Tost No. L4 - 16 September 1953 - First operational test - HAFB 168.
Shroud Cap No. 1 with 8 hold-down lines. Winzen 72.8-foot ciameter balioon.
Surface winds - 0-2 knots. Payload - 972 pounds. Total duration - 3.7 hours.



" down-wind gelde, prior to release,

Furpose of test - To determine wvhether the shroud cap with the
informal type relsass, employsd on Test No. 3, was iafliching damage 10 the
ballm;

Results - The inflation was succesaful btut the cap recivase
appeared to abrede the icp £ the balloon sven ncre severely than on ihe
previous test, Ths balloon performance, however, indicated that no large
scale dsmage had been inflicted. In fact, the overall desc2nt rate after

attaining resal was 530 ft/hour. Experience with Cdvered Whgpu flights indi-
cate that polyathylene ha1‘ncn= :"ubbiug agaiu._ cloth may sulfe ?‘ mll

e Y aens

SQUFAnE avag duratisa a.ug nees .

All the tests to dste, with shroud cap Ne. 1, are summarized in
the table on page 1k.

D. Evolution of the Shroud Cap Release System:
1, System No, 1

This method was employsd on Tests 1, 2, 3, L, and 1%. No modi-
fications were employed. The actual 2900-pound test hold-down Sapes wero
used. After completion of the infiation the hold-down men on the up-wind
gide walked their lines around toward ths down-wiand sid> %0 prevent them

Irom dragging over the top of the bubble during relesse, The men on the

doun-wind aido ran away from the balloon with the lines until the cap wvas

If there wag wind of 3 imote or more this process was an easy
one for tho cap would tend to sail, In a lighter wind,; however; the balloon

would often “cup" under the cap and the cell would actually be displaced from
the vertical belore the cap was released.

Despite the sppirent unfavorable abrasive qualities of this tech-
nique, no obvious damage was ever detected in the 5 tests., For short flights
this system appears plausible, in fact, there appears to be mcre danger of
damage to the shroud than the balloon. If adopted for constant use, some~
thing stronger than airplane cloth should be emplcoysd. In -‘d‘tion, it would

uy.sv.y Wl o is
Nnae snere
VD T

be necessary to develop a method of removing =11 the 1% ve thoss on the

2. System No. 23

Thiv system was employed on tests 5 and 6. Nylon cord was run
from the cap perimeter up over the apex and down to a point on the perimeter

160° from the initial point. Two of these lines ruanning perpendicular to one
another were installed.

When ready for release both releagse lines are pulied until all
f the material on ths oppouite side (hatched area above figure) is bunched

up near ihe balloon @pex. Inews coth the sivandard hold-down lines and the two
release lines are pulled to slip off the ent*re eap.

This system appeared to be somewhat superior to the frst bud
similar to the latter; it resulted in tha slack hold-down lines being drawn
over the balloon. This fault could be eliminated as explained previously.

. ————
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Howsver, the actual release of the cap was still not a3 smooth
on botn tests some tipping of the balloon was necessary tc efis

AT/
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Figure ’(Nystem No. 2
3. System No. 3:

A ©iivr vIno ma
1 o Gad v wOD um

do in the shroud cgy fx"om ihe perimet.er to the
[EP9Y=) 9
& g

A line was attached on either side of the split at the perimeter.
; The two lines at the split were pulled so that each corner of the split was
| & displaced 90°. The shroud, consequently, gathered into the same hatched

‘ area illustrated in Figure 7. The remainder of the release was completed
| axactly as in System No. 2.

: This system appeared to work much smoother than any of the
previous methods. However, it dcmanded considerable material s trength at

the apex wheire the split terminated. On the second tests a rip developed
at this poiut.

, L. System No. Us

Thie system was identical to thai of the previous system save

: thai the split was lengthened so that it encompassed 3/L of the shroud. It
i was only eumployed om one test.

5. System No. 5

, This system was first employed on Test No. ¥, 15 October 1953,

'. and is s1till being used at the present time (February 195i). The cap is
split into halves. Cotton loops are sewn on to one gids of the split and
matching grommets cut on the other side. A 500-pound test tubular nylon
line is employed to thread the loops after they have been pulled through the

grommets. A type of chsin uytitch is useds The lacing starts at the apex

with a scparate line stitched dowa tc eoch perinmeter,
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Moderate tension is retained on the hold-down lines during the
splitting process. As the halves separate the hold-down men run from the

balloon aes fast as possible in order to prevent the fabric from draping over
the payloado

Tha aplit cap technigue has been demonstratsd to be a superior
one. Using it, there has been one possible flight of eight days with an
unballasted iié-foot diameter balloon. B8uch a pseformance could only be
obtained ifrom u bailoun which ad veen szubjected to a bare minimux of abrasivs
offects.

The only element of this technique which reguires mrt.her atten-
tion is the wnlacin; system. Thus far, 355 chain stitch has not failed te
unlace during any of the tests. The time rsquired for the unlacing is too
long, however, for the fast acfion that. is rnquired in winds over 7 knots.
In addition the leverage is awikward, the peopie puliing the réleass linss
heving to run from the baiioon for a considerable distance. A recent test
was performed on 5 March 195!k involving +he use of an unlacing system com-
prised of simple locps (Figure 8). The results were highly promising and
this technique will be re-employed on future tests.

IiI. ©DISCUSSION OF RESULTS

A. Test Summaryi

In 16 tests, as of 5 February 1954, 17 out of 18 inflations were
completed with one failure being caused by the shroud cap. In 15 out of 18
inflation attemptas, the comtined shroud cap unlacing reefer-boom system
resulted in complete successes,

Ths success of the shroud cap has foreatalled the original plan
to develop a complete balloon shroud. The next step in this system devel-
opment is concerned with ths nylc» shroud cap now being fabricated., It i
planned to attempt to hold the balloon close to the ground, duringi‘the
-entire infiztion, with the use of winches. This technique should afford
grestasr protection frca the wind and less trouble during the unm.fing
process. (Which was involved in all three of the failures.) After inflation
the balloon will be raised to the vertical position and relsased in the
normal fsshicn. With such a technique the balloon may be he].cl down, if
necessary, until wind conditi ons becoms more favcrabls, If succsssful, this .
development, should increase inflation wind capabilities to the 10 knot cat~
egory.

B. Comparison With Other Launching Systemss

1., The Launch Platform - The use of this early balloon inflation
technique has been modernized for heavy loads by some ¢onstant level balloon
organizations. In general, this systam which inwlves the release of the
bubble from its normal position invokes laterel motion of the payload which
cannot be tolerated with the fragile, heavy load involved in certain balloon
programs. It is also felt that with slight modifications of the present
shroud system, a launch from the vertical pcsition can be achieved in heavier
winds than with the launch platform release.

11
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A second launch platform system involves the umrolling of the
balloon through the launch arms, after completion of inflation, until the
cell is completely vertical. This technique would appear to have many
virjues, ail u{ which ccuid be duplicated by the proposed nylon shroud
technique. Furthermore, the latter shouid exceed the wind inflation sapa-
bilities of the launch platform system as far as cppozition to twistding of
the bubble by the wiud is concermed. -

2. The Covered Wagon ~ The prasent model does not have the volu-
aetric capacity for heavy load inflations (maxinum grosse inflation is approx-
imately 700 pounds). In addition, the covered wagon has demcnstrated
unfavorable abrasive effects on inflations which approach the meximum,
Equally important .,is the fact that a leunch from this vehicle once again
deuanda lateral movement of the payload upon release.

IV. CONCLUSIONS

The present shroud system has increased vertical inflation capabilitiea
o such an extent that the actual launching technigues now have to be extendesd.
The inflazion 3ystem at this time appears to demand little skill in handling
with winds up to 5 knots. 1In an earlier test an attempt in an inflation
gt‘mng 7 knoits wam unswcasaful. In a2 more segent test hm.vnvnr with the
launching ersonnel demonstrating noticeably increased skill, a 7 knot in-
fiation was aucceeemlly negotiated (Figurs $). (It =ust be realizsd that
the wind values quoted are as determined at the surface or 20 feet abovs the
surface. The actual speeds encountered at an elevation equal to the beight
of the center of mass of the balloon bubble will usually be greater.)

Most of Vhs balloons which werae inflated with the shroud system demon-
strated better than wverage altitude performance. This may Le due to the
larger masses of 1ifiing gas and more rugged balloon material employed with
the heavy loads., However, it does serve to indicate that the cap at least
does not inflict more damage than the covered wagon or liaunch piatform. The
two long duration flights of 1-1/2 and 2 days demonstrated better performance
than similar experience with maximum inflations in the covered wagon.

The present release systeme¢ for botn the reefer and cap are adequate,
but can be iuproved.

Four hold-down lines manned by able personnel appears to be considerably
rnore advantageous then eight hold-down lines manned by less able people., In

addition, it is easier to direct the four men and the whole operation appears
clseaner,

A wind of approximately L knots or more will cup under the shroud and
csuse considerable sail effect when the bubble is relatively small. Thia
effect can be tinwarted by keeping the bubble close to the ground in the ini-
tial stugss and by designing the ahrcud for a snug f£it for ths maximum
intended grouss inflation. At.Holloman gir Force Base, the bubble and the

12
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cap are often held down inside the covered wagon launcher (without the top
laced) during the initisl stszes of inflation.

V. RECOMMENDATIONS

Development of the nylon shroud cap technique should be diligently
pursued. Not only should it increass the capsbility to inflate in surface
winds, but it would simplify reefer operations during inflation., Tests
should be nade to determine if the abresive effects cf ¢ ¥

he mwlan uvnan +the
vadl wile fyalle wplil v

poiyethylene are more detrimentsl than that of vhe airpilane canvas,

As improved shroud cap technique.increases the inflation capabiliiy in
fresh surface winds, the &stual leunching $echnigques should also be advanced
to meet these capabilities. Originally, the shroud was developed to meet
the specific requirements of the Balioon Program TD No. 5102-H1 which
normally will restrict its iaunches to the most favorable conditions,
evolving versatility of the shroud cap system, however, makes it worth
while to proceed in the direction of ever increasing wind cespabilities,
This appears especially necessary when considering the increasing number of
Julioon projects involving heavy lcads. Many of these projects must be

pursued on a tims basis, thus requiring launches under fresh wind conditions.

s

Even with fraglile loads, where it is normsally planned to lsunch in the
mosbd favorable conditions, it is sometimes necessary to possess the ability
to withstand z wind of © knots or mors. Especially in the summer with heavy
cumulus clouds over the mountains, a long calm will be momenterily interrvnted

by a gust of wind which could be fatal to a launch system geared only to
light winds.

Juicker snd more positive releases for both the reefer and shroud cap
should be investigated. Instsntaneous relesses would be highly desirable.
The most beneficial reefer would actually be one which is not released until

the payload has cleared the ground. This technique 2ssures a mininum sail
effect during take—-off.

As this system assumes increasing versatility with the gradual improve-
ment of all the componenis, its adaption to light loads shwuld be pursued.

—— e ———— e
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APPENDIX I

INFIATION OPERATIONAL PROCEDURE OUTLINE

1. The balloon is tied into the boom of a LO-foot crane with the apex of the
cell down wind. &n eisctrical squib is inserted in the tie-down line in order

T R L T L ~ 417k
that the balloon may eventually be released without danger to personrnel.

2. The cap should by laced the day before the flight with the split parallel
to the wind direction. . The balloon is layed out on the. ground inside the cap

=c that the apexes are in juxtaposition,;

3. Before the reefing cloth is léced; the inflation tuba is parﬁially.filled

with lifting gas iin order to umravel any twists.
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shroud cap an extra section of canvas is'emploﬁed for this exposed section
i of the balloon. MWhen Inflation is initiated one mar contains this secticn in
order to prevent gas from feeding back into the resfer. This procedure is

required only for the few minutes before the cap is lifted by the balloor.

£

5. As the infiaticn commences, one man grasps the tangent apexes not re-

linquishing antil the bubble ascends above his reach. Two other men kreel on

I top of the shroud on either side of the bubbie in order to restrict its voluite
while resting on the ground.

! 6. Ina few minutes, the gas will he £111ing back toward the reefer. 4t
this point, all four men léave their initial stations and grasp the perimeter

of the shroud where their (previously) assigned hold-down lines are hcoked in.

7. As the shroud rises, the hold down men slip on the bags containing the

2 rolled line and continue to let the shroud rise as it will., A fifth man

15

o ——




I

e cah e + .

B A R

operates the line which unlacss the reafer.

8. The shrouded tubbls is walked toward the boom as it contipues to irise

until it ig vertical over ihe boom.

9. Procedures for hanq;i:ng the lines during winds of 5 knots or more can . . i’
best ‘oa learmsd by eJ;perience rather than dascription. The most successful
technique is t6 nave alert men on the lines who during a wind contimously

look up at the shroud and normally make their own adjustments in tension and

positioning. This has been found to be superior to the originally planned

technigue of having one man dirsct all the adjustments.

10. The rsefing sleeve is removed first after the inflation is termimted.

be maintained vertically or almecst vertically by proper contscl with the

shroud cap,

11. Actnal relsass of the shréud cap is described on Page 10. A wind shift

e - ——— et

can be compensated for by manipulation of the boom,

12, For a step by step photographic series of the procedures, see Figure 10 (A-H).

o
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APFENDIX II

SAMPIE TIMING TABLES FOR SHROUD OPERATIONS

Date - 16 September 1953

Balloon Size - 72.8 fest

Gross Inflation - 1400 pounds

n
.

AV TR o W¥)
® »

-~ (¢

MIND SPEED(mph at 15 ft. elevation)

EVENT TIME MST
Layout is initiated 0500
Layout is completed o5 L5
Inflation is inltiatsd o558

Balloon becomes vertical 0609

Inflation is completed o62L
Shroud is released 0643

Take-off 061:8

Date - 29 September 1953

Balloon Size - 72.8 feet

Gro

6.
Te

s3 Inflation - 1459 pounds

Layout is initiated 0650
Lsyout is completed 0720
Inflation is commenced 0725

Balloon becomes vertical 0735

Helium trailers are switched 0740-56

Inflation is completed 0807
Shroud is releassd 0812
Launch 0815

17
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FORKED HOLD-DOWN LINES
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HOLD-DOWN LINEMAN

FIGURE 3.
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FIGURE L. REEFER TIED TO CAP FERIMETER
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TEST NO. 1

FIGURE 5.

WITH DUMMY CANVAS SHROUD
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FIGURE 6.
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FIRST SHROUD REIEASE METHOD
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RE 8.

TACING ON SHROUD CAP
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FIGURE 9.

LAUNCHED IN 7 KNOT WIND CN & 92.5 FT. DIAMETER BALLOON

800 POUND LOAD
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i FIGURE 10 (A-H). SHROUD INFLATION, STEP BY STEP
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